SURVIVABILITY « SUSTAINABILITY - MOBILITY
SCIENCE AND TECHNOLOGY

SOLDIER SYSTEM INTEGRATION

TECHNICAL REPORT

‘&  NATICK/TR-97/002

THERMAL MANNIKIN TESTING OF PROTOTYPE
COMBAT VEHICLE CREWMAN
COLD WEATHER JACKETS

by
|

| MARGARET A. AUERBACH
|

October 1996

r—-——

<O

L

=

- |
-~ \ Final Report
4.

oD

("

May 1995 - October 1995

Approved for public release, distribution unlimited

U.S. ARMY SOLDIER SYSTEMS COMMAND
NATICK RESEARCH, DEVELOPMENT AND ENGINEERING CENTER
' NATICK, MA 01760-5000

SURVIVABILITY DIRECTORATE

Drre
QUALppy zzmpgmn 1




DISCLAIMERS

The findings contained in this report are not to
be construed as an official Department of the Army
position unless so designated by other authorized

documents.

Citation of trade names in this report does not
constitute an official endorsement or approval of

the use of such items.

DESTRUCTION NOTICE

For Classified Documents:
Follow the procedures in DoD 5200.22-M, Industrial
Security Manual, Section II-19 or DoD 5200.1-R,

Information Security Program Regulation, Chapter IX.

For Unclassiﬁed/Lﬁnited Distribution Documents:
Destroy by any method that prevents disclosure of

contents or reconstruction of the document.



Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

Public reporting burden for this collection of information 1s estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments reqgarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden. to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jetferson
Davis Highway, Surte 1204, Arlington, Va4 22202-4302, and to the Office of Management and Budget, Paperwark Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) Iz. REPORT DATE 3. REPORT TYPE AND DATES COVERED
October 1996 Final May 1995 - October 1995
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS

'THERMAL MANNIKIN TESTING OF PROTOTYPE COMBAT VEHICLE
CREWMAN COLD WEATHER JACKETS
6. AUTHOR(S)

1116278 AH98AA00
/6.2
Margaret A. Auerbach
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER

U.S. Ammy Soldier Systems Command
Natick Research, Development and Engineering Center
ATTN: SSCNC-IR (M. A. Auerbach)

Natick, MA 01760-5019 INATICK/TR-97/002
9. SPONSORING /MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING / MONITORING

AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT . 12b. DISTRIBUTION CODE

Approved for public release, distribution unlimited
13. ABSTRACT (Maximum 200 words)

This report compares the thermal performance of two experimental flame-resistant (FR) battings (82% P84/18% polyester and
75% Cutlon (1) /25% polyester) constructed into prototype combat vehicle crewman (CVC) cold weather jackets with the
standard jacket, which uses Nomex(r) batting.

Prototype jackets were tested on a thermal mannikin along with the standard CVC cold weather jacket, both before and after
laundering. The protype jackets containing these experimental battings exhibited comparable thermal properties to the standard
and exhibited little, if any, weight reduction in the overall garment weight. It was recommended further work be done on the
Curlon battings to improve their performance.

14. SUBJECT TERMS PROTOTYPES ~ LAUNDERING  NOMEX  COMPARISON [ 15- NUMBER OF PAGES

PERFORMANCE CHARACTERISTICS  FLAME-RESISTANT FABRICS 13

COLD-WEATHER CLOTHING COMBAT VEHICLE CREWMAN 16. PRICE CODE

THERMAL MANNIKINS BATTING(MATERIALS)

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified [Unclassified [Unclassified JSAR

NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

Prescribed by ANSI Std Z239-18
298-102




CONTENTS

TABLES
PREFACE
BACKGROUND
PROTOTYPES
TEST METHODS

Thermal Mannikin Testing

Weights

Laundering
RESULTS AND DISCUSSIONS
CONCLUSIONS
RECOMMENDATIONS

REFERENCES

iii

vii

WNHNDN ol

w




Table

TABLES

1 - Total Jacket Weights
2 - Batting Physical Properties and Clo Values

3 - Thermal Mannikin Testing of Jackets

Page




PREFACE

This report compares the thermal performance of two
experimental flame-resistant (FR) battings constructed into
prototype combat vehicle crewman(CVC)cold weather jackets with
the standard jacket, which uses Nomex® batting.

The two FR insulations - 82% P84°/18% polyester and 75%
Curlon®/25% polyester - were determined to be the best candidates
to replace the current Nomex batting based on extensive material
testing conducted under the Flame-Resistant High efficiency
Thermal Insulation portion of the Materials for Integrated
Protection Program (IL16278AH9SAAAQ0):.

Prototype jackets were tested on a thermal mannikin along
with the standard CVC cold weather jacket both before and after
laundering. This work was undertaken during the period of May
1995 to October 1995.
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THERMAL MANNIKIN TESTING OF PROTOTYPE COMBAT VEHICLE CREWMAN
(CVC) COLD WEATHER JACKETS

BACKGROUND

The Army currently has a flame-resistant (FR) requirement for
their combat vehicle crewman (CVC) and aircrewman cold weather
clothing. The batting used in these clothing systems is a
needled Nomex® or Kynol™ (MIL-B-81813B; Batting, Aramid, or
Novoloid Fiber, Quilted). This standard Nomex batting is a very
dense batting weighing 3.8-4.8 oz/sq yd and it is not thermally
efficient on a weight basis. Based on current technology, new
fibers and processing techniques are available which should
provide an improvement in the thermal and performance
characteristics of the batting.

With this goal, the Army awarded a contract to Albany
International Research Co. to engineer a FR batting modelled
after Primaloft™ - a synthetic alternative to down.?3* Under
this contract several battings were evaluated and a blend of 82%
P84° (60% 1.5 denier P84 with water repellent (WR) finish, 22%
0.55 denier with WR finish) 18% polyester (4.0 denier binder
fiber) was developed.® The performance characteristics of this
batting along with several other battings - two of which were
developed under a Navy contract 7 were evaluated to determine
the most suitable replacement for the Nomex batting currently
being used.

Two battings, the 82% P84/ 18% polyester and the 75%
Curlon®/25% polyester blends were determined to be the best
candidates® to replace the Nomex batting based on their
performance characteristics and prototypes were made to test
their overall end item performance.

PROTOTYPES

Prototype CVC cold weather jackets were constructed in the
design and computerized pattern facility at the U.S. Army Natick
Research, Development and Engineering Center (NRDEC). The 82%
P84/18% polyester batting was quilted in-house to a Nomex pajama
check fabric using a straight-line quilt pattern (as opposed to
the dumbbell pattern called for in the specification). A 5"
channel was used to correspond to the width of the dumbbell
pattern. The 75% Curlon/25% polyester blend was received already
quilted to a Nomex pajama check fabric in the dumbbell pattern.

Instead of constructing totally new prototype jackets, end
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items were purchased, liners were removed and the prototype
liners were substituted. The quilted P84 /poly liners were sewn
into six CVC cold weather jackets (3 medium, 3 large). The
quilted 75 Curlon/25 poly liners were sewn into three (1 medium,
2 large) lightweight flyers jackets. Due to the limited quantity
of CVC cold weather jackets available, lightweight flyers jackets
were used. The sizing of the lightweight flyers jacket is
comparable to the CVC jacket, the only difference between these
jackets is that the flyers jacket does not have the retrieval
strap opening with the hook and loop closure on the back yoke
found on the CVC cold weather jacket.

TEST METHODS

Thermal Mannikin Testing

Jackets utilizing the three different insulations discussed
(Nomex, P84/poly, Curlon/poly) were submitted to the U.S. Navy
Clothing and Textile Research Facility (NCTRF) for thermal
mannikin testing both before and after laundering. Samples were
tested in accordance with ASTM F 1291-90. The test environment
was 21.1°C, 50% relative humidity and 1.0 m/s windspeed.

Three separate jackets containing each batting were tested on
the mannikin. (Because there were only two jackets with the
Curlon/polyester lining, one jacket was tested twice.) In
addition to the jackets being tested, the mannikin wore the
following items: a cold weather underwear shirt (50% Wool/50%
Cotton - MIL-U-43262D;Undershirts, Cold Weather, Men’s superseded,
by A-A-50383; Undershirt, Extreme Cold Weather, Man’s and
Woman’s), a Nomex underwear drawer (MIL-D-85040B;Drawers and
Undershirts, Flyers, Anti-Exposure, Aramid, High Temperature
Resistant, CWU-43/P and CWU-44/P ), CVC coveralls (MIL-C-44077B;
Coveralls, Combat Vehicle Crewman’s), the standard wool cushion
sole sock (MIL-S-48L; Socks, Men’s Cushion Sole, Stretch Type
superseded by A-A-55079; Socks: Men's, Cushion Sole, Stretch
Type), the standard leather combat boots (MIL-B-44152C; Boots,
Combat; Mildew & Water Resistant, DMS), the CVC balaclava (MIL-H-
442657 Hood, Combat Vehicle Crewmen’s (balaclava)), and the
mounted crewman cold/wet glove (developmental). Proper sizing
was determined by the NCTRF tester and the project officer by
fitting the mannikin before testing began. A size medium
coverall and a size large jacket were tested

Weights

The samples were weighed before and after laundering using a
Model 3830 NCI scale manufactured by the Worcester Scale
Co.,Inc., to determine the overall weights of the sample and any
weight changes as a result of laundering.



Laundering

After the jackets were tested on the thermal mannikin, they
were laundered and retested. Laundering was conducted using the
home laundering procedure that follows: two jackets per machine
were laundered using a permanent press cycle and washed at 120 +
5 ° F, rinsed at 80 +5 °F , three times using American Textile
Chemists and Colorists (AATCC) 124 detergent with optical
brightener. Jackets were dried on a permanent press (med) cycle
for approximately 40 minutes and a new fabric softener sheet was
used for each drying cycle. This laundering was consistent with
the laundering procedure specified for the aircrew battledress
uniform liner and reflects the anticipated changes away from
military laundering procedures to commercial test methods.

RESULTS AND DISCUSSIONS

As can be seen in Table 1, the prototype samples did not
reduce the overall weight of the jacket. The P84/polyester
sample exhibited almost the same weight as the standard before
laundering, and while it did exhibit some weight loss in
laundering the loss was minimal (1.8%). The size large
Curlon/polyester sample exhibited a 8.3% increase in weight over
the same size standard sample. Like the standard, the
Curlon/polyester sample exhibited no weight change after washing.

Table 1: Total Jacket Weights (1bs)

Average Average

Standard (Nomex
batting)

Before Laundering
After Laundering

P84/Polyester batting
Before Laundering

After Laundering

Curlon/Polyester
Batting

Before Laundering
After Laundering

M1,M2,M3 - Size Medium L1,L2, L3 - size Large




Considering the difference in the batting weights (see Table 2),
it is not surprising that the jackets containing the
Curlon/polyester batting were heavier than the standard CVC
jacket. The Curlon/polyester jackets also seemed to produce a
bulkier, stiffer garment.

Table 2: Batting Physical Properties and Clo Values

Thickness (in) Bulk Clo
Density

0.002 psi (lb/cu ft) Intrinsic

Standard - Nomex (unquilted)

Unlaundered* 0.29
Laundered* 0.23

Standard - Nomex (QR) (quilting
removed)

Unlaundered 0.27
Laundered 0.2

P84/Poly (unquilted)
Unlaundered 0.89

Laundered 0.5

75% Curlon/ 25% Poly (quilting
removed)

Unlaundered 0.88
Laundered* 0.58

Data average of three samples unless otherwise specified
*Data average of two samples

Overall, all three jackets demonstrated comparable clo
values both before and after laundering with neither prototype
offering any significant improvement in thermal properties over
the standard jacket. (See Table 3.) Generally, a 10% change in
clo value is considered significant.



Table 3: Thermal Mannikin Testing of Jackets

Before Launder After Launder

TotallTorso Total|lTor s ojarm Clo
Clo Clo Clo Clo

Standard 1.93 2.92 . 1.97 3.02 2.74
(Nomex batting)

P84/Poly batting

Curlon/Polyester
batting

Data average of three samples

CONCLUSIONS

There was not a significant improvement in the thermal
performance of the end item when the standard Nomex batting was
substituted with the prototype liners containing the experimental
FR battings and little/if any weight reduction in the garment was
experienced. The prototype jackets containing the experimental
battings - (82% P84/18% polyester or 75% Curlon/25% polyester) -
exhibit thermal properties comparable to the standard.

RECOMMENDATIONS

Because there is no price advantage to using these
experimental battings, no further work will be done at this time.
The Curlon/polyester blend does show potential as a possible
replacement for the Nomex batting. Development of a Curlon blend
in a lower-weight range should be explored as finer denier
Curlon fibers are available which could decrease the batting
weight by 15 - 35% and should increase the thermal performance of
the item while providing equal to or better flammability
properties than the Nomex batting at a comparable or lower price.
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